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The role of the bursa of Fabricius in the development of the immune system 
of the chicken was first indicated by Glick et al.  (1). Their findings have in 
recent years been confirmed and considerably extended. There is now ample 
evidence,  as  reviewed by Warner  (2)  and  Cooper  et  al.  (3)  that  hormonal 
bursectomy in ovo or surgical bursectomy at hatching, particularly when com- 
bined with  sublethal X-irradiation has  a  profound suppressive effect on  the 
subsequent ability of the chicken to form antibodies to several antigens. Hor- 
monal or surgical bursectomy also appears to reduce the levels of serum im- 
munoglobulins  (4,  5,  6,  7,  8).  The  immune  deficiency of the  bursectomized 
chicken does not, however, include the ability to develop cellular immunity in 
vivo such as delayed hypersensitivity to tuberculin or chicken spinel cord lipid 
(9,  10)  and diphtheria  toxoid (8). The bursectomized chicken may therefore 
provide an excellent opportunity to study the nature of cellular immune phe- 
nomena in the absence of antibody production. In preparation for such studies 
we have evaluated the capacity of surgically bursectomized-irradiated chickens 
to produce antibody and immunoglobulin at the cellular level.  To our knowl- 
edge no such studies have previously been undertaken.  The present investiga- 
tion deals with the spleen which is the major peripheral lymphoid organ and a 
convenient source of immunoglobulin and antibody producing cells. 
Immunoglobulin levels in plasma were estimated semiquantitatively by the 
conventional  techniques  of  double  diffusion  and  immunoelectrophoresis  in 
agar. The in vitro synthesis of total immunoglobulin by spleen cells was deter- 
mined by a  coprecipitation technique. The presence of immunoglobulin anti- 
genic determinants on spleen cells was  assayed by the technique of Sell and 
Gell (11). 
The capacity to produce serum antibodies was determined at the serum level 
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by assaying for agglutinins to Brucella abortus.  At  the cellular level antibody 
synthesis was assayed by the technique of local hemolysis in gel (LHG) accord- 
ing to Jerne et al. (12). 
Materials and Methods 
Animals.--Newly hatched white leghorn chickens of the De Kalb  Chix strain  (Munroe 
Hatchery, Joliet, Ill.) were raised in conventional animal quarters. The animals were bled at 7 
wk  of  age and plasma collected for the assays of  immunoglobulin.  All  animals  otherwise 
used in the present investigation were approximately 8 wk old. 
Bursectomy Procedure.--Surgical  bursectomies were performed on the day of hatching as 
previously described (13). 
X-Irradiation.~he  aninlaiS were irradiated on the day of bursectomy. The dosage was 
600 or 650 R in the air at the surface. The following conditions were used: 220 kv, 15 mA with 
0.25 mm copper and 1 mm aluminum filters (half value layer of 1.05 mm copper). The dose 
rate was approximately 42  R/min. The chicks were closely  packed in a  circular aluminum 
cage with the top 0.04" thick, containing holes of ~6" diameter. They were irradiated from a 
60 cm distance. Under these conditions approximately 25% of the bursectomized chickens are 
still alive at 7 wk of age. 
Immunoelectrophoresis.--Microimmunoelectrophoresis  in  agar  according  to  Scheidegger 
(14) was performed with the LKB Immunophor apparatus (LKB-Produkter AB, Stockholm 
Sweden). 
Immunodiffusion.--Double  diffusion in agar was carried out according to Campbell et al. 
(15). 
Antisera.--Chicken immunoglobulin G was prepared by precipitation with cold 4 ~  ammo- 
nium sulfate and repeated gel filtration on Sephadex G-200 using 0.05 M Tris-0.141~  NaC1, pH 
8.0  as buffer. Antisera to the purified chicken IgG and whole chicken serum were raised in 
rabbits. The sera were heat-inactivated at 56°C for 30 mln. 
Antigenic Stimulation.--lO 9 Brucdla  abortus organisms (U. S. Dept. of Agriculture, Ames, 
Iowa) were given intraabdominally to each chicken. 5 X  109 sheep red blood ceils (SRBC) in 
1 ml 0.14 ~t NaC1 were given intravenously. 
Antibody Determinations.--Brucella  agglutinins were measured by a standard tube agglu- 
tination technique 10 days after antigen injection. Two-fold dilutions with a starting dilution 
of 1  : 10 of the sera were made. 
The number of plaque forming cells (PFC) in the spleens of chickens 3 days after immuni- 
zation with SRBC were determined using a  slight modification of the LHG  technique de- 
scribed by Jerne et al.  (12). The chicken spleen cells were prepared by cutting the spleen with 
fine scissors  and passing the mince through a 60  mesh stainless steel screen. The cells were 
washed once in cold Eagle's minimum essential medium  (MEM)  (modified  for monolayer 
cultures). Cell counts were performed using the Natt-Herrick stain (33). 5 and 15 X  106 spleen 
cells per Petri dish were used. The Petri dishes were incubated for 90 rain at 37°C in a  5% 
CO2-95% air incubator. IgM antibody producing cells were detected by incubating the plates 
for 30 rain at 37°C with a  1 : 1 dilution of fresh chicken plasma before adding the guinea pig 
complement, since avian antibodies require the species specific first compoent of complement in 
complement dependent reactions (16). The total number IgG and IgM antlbody-producing 
cells were determined as described by Dresser and Worfis (17) and Sterzl and Riha (18), using 
the rabbit antiserum to chicken IgG as the developing antiserum. The hemolytic plaques were 
counted under a stereo dissection microscope at low magnification. 
Synthesis of Immunoglobulin by Chicken Spleen Cells.--All  preparations were carried out at 
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prepared by mincing the spleens through a  60  mesh stainless steel screen. The cells  were 
washed once and resuspended in L-leucine free, L-glutamine containing MEM,  modified for 
monolayer cultures (Grand Island Biological Co., Grand Island, N.Y.). The cell concentration 
was adjusted to 50 X  106 spleen cells per ml medium. 2.5 ml volumes were incubated in 35 X 
10 mm style plastic tissue culture dishes (Falcon Plastics, Los Angeles, Calif.)  in a moist 5% 
CO2-95% air incubator at 40°C for 6 hr. 30/~c of 4,5-3H-L-leucine,  specific activity 6 c/mM, 
(New England Nuclear Corp., Boston, Mass.) per ml medium was present from the onset of 
the incubation period. 
After 6 hr the incubation was terminated by chilling  the cultures and 0.78  mg chicken 
gammaglobulin (CGG)  was added to each Petri dish as carrier protein. The incubation mix- 
tures were transferred to tubes and centrifuged at270 g for 10 rain at 4°C. The supernatants 
were collected and centrifuged again at 5000 g for 10 min at 4°C. Trichloroacetic acid (TCA) 
precipitable radioactivity was determined by first processing medium samples according to 
the procedure of Schneider (19) and then dissolving the air-dried precipitates in 0.5 ml Nuclear 
Chicago  Solubilizer  (NCS),  (Nuclear-Chicago  Corp.,  Des  Plaines,  Ill.).  10  ml  scintillator 
(Liquifluor,  New England Nuclear) containing 6 gm 2,5-diphenyloxazole (PPO) and 0.075 gm 
p-bis[2-(5-phenyloxazolyl)]benzene  (POPOP) per liter toluene was added and the radioactivity 
measured with  a  Packard  Tri-Carb  liquid  scintillation counter  (Packard  Instrument  Co., 
Downers Grove, Ill.). 3H-labeled  immunoglobulins were specifically  coprecipitated at  slight 
antibody excess with chicken gamma globulin and rabbit  antiserum to chicken IgG.  Equal 
amounts of precipitates in the bovine serum albumin  (BSA)-rabbit anti-BSA system served 
as control for the specificity of the precipitation. The precipitates were allowed  to form at 
37°C  for  1 hr and then let to stand  overnight at 4°C.  The  precipitates were then washed 
3  X  in 0.05  M Tris-0.14 M NaCI buffer, pH 7.4 at 4°C and processed according to Schneider 
(19). The radioactivity was determined as described above. 
Stimulation of the DNA Synthesis  in Spleen  Cdls with Rabbit Antiserum to Chicken IgG.-- 
Spleen cell suspensions were prepared as described above for the LHG technique except that 
all work was carried out at room temperature. The cells were washed 3  X  in Dulbecco phos- 
phate buffered saline (pH 7.2) containing 50-/0 (v/v) heat inactivated (56  ° for 30 rain)  fetal 
calf serum (FCS)  (Grand Island Biological Co.). The cells were finally suspended in the MEM 
(for monolayer cultures) containing 100 units/ml penicillin,  100 ~g/ml streptomycin, 2 m•/ 
ml L-glutamine and 10% (v/v) heat inactivated FCS. The cell concentration was adjusted to 
6 X  106 cells per ml and 0.5 ml volumes added to 16  X  100 mm disposable fint glass tissue 
culture tubes (Bellco  Glass,  Inc., Vineland, N.  J.). 0.5  ml volumes of two-fold dilutions of 
either heat inactivated rabbit antiserum to chicken IgG or normal rabbit serum in the com- 
plete tissue culture medium were added to each tube to make the final volume per tube 1 ml. 
30 ~1 reconstituted phytohemagglutinin, PHA, (Burroughs Wellcome and Co.,  London, Eng- 
land) was added to some cultures. The cultures were held for 72 hr at 37.5°C in a moist 5% 
CO~-95~o air incubator. 
Specificity  Controls of the Stimulatory  Action of Anti-Immunoglobulin  Serum.--The  rabbit 
antiserum to chicken IgG was absorbed at the equivalence point with purified IgG. The com- 
pleteness of the absorption was controlled by immunodiffusion in agar. Attempts were also 
made to passively sensitize spleen cells from hypogammaglobulinemic chickens by incubating 
the cells for 2 hr at 37.5°C in normal fresh heparinized (10 units/ml) chicken plasma and then 
washing the cells 3 X  in Dulbecco phosphate buffered saline containing 5% FCS. As a control 
the cells were incubated in the autologous hypogammaglobulinemic plasma. Normal chicken 
spleen cells were treated in the same way. 
Measurement  of the DNA Synthesis.--1  ~c '~H-methyl-thymidine, specific activity 6.7 c/mM 
(New England Nuclear) was added to each culture at 68 hr of culture. After an additional 4 
hr of incubation, the tubes were chilled, centrifuged, and the supernatants discarded. The cell 1250  ANTIBODY AND  IMMUNOGLOBULIN IN  CHICKENS 
pellets were frozen and thawed once and extracted twice with cold 5% (w/v) TCA and absolute 
methanol respectively. The final precipitates were dissolved in 0.3 ml NCS and the radio- 
activity determined in a liquid scintillation counter as described above. 
RESULTS 
Immunoelectrophoretic  and  ImmunodiITusion  Analysis  of  Plasma  Immuno- 
globulins.--In  a  series of bursectomized-irradiated birds 26/151  assayed sera 
FIO. 1. Immunoelectrophoretlc analysis of representative plasma samples from 7 wk old 
neonatally irradiated  chickens (top and third  wells) and bursectomized-irradiated chickens 
(second and bottom wells). Rabbit antiserum to whole chicken serum was used as developing 
antiserum. Note that the second sample shows a slightly elevated IgM level but no demon- 
strable IgG. The bottom sample lack both IgM and IgG. 
had  lower  than detectable levels of  immunoglobulins in the  immunoelectro- 
phoretic analysis and trace or no imraunoglobulin  detected by immunodiffusion. 
41/151 had lowered immunoglobulin  concentrations as compared to irradiated 
control chickens. In all but two animals, both IgM and IgG were depressed as 
is exemplified in Fig. 1. In these two cases IgG was absent but IgM present in 
higher than normal concentration (Fig. 1). 
Synthesis  of Immunoglobulin  by Spleen  Cells In  Vitro.--Table  I  shows  the 
total TCA-precipitable radioactivity and the specifically coprecipitable radio- 
activity in the  supernatant media  of  6  hr  cultures  of  spleen  cells  obtained 
from irradiated control  or  hypogammaglobulinemic bursectomized-irradiated 
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It can be seen that the media of cultures of spleen cells from irradiated con- 
trol animals contain large quantities of ~H-labeled immunoglobulin, amounting 
to 58 % of the total TCA-precipitable  radioactivity. In contrast, 4 % of the 
TCA-precipitable  radioactivity  in  corresponding  cultures  of  cells from 
bursectomized-irradiated  animals  was  specifically  coprecipitated  immuno- 
globulin. These cells synthesize on the average 36 X less immunoglobulin than 
the spleen cells from the irradiated control animals. The differences in synthe- 
sized immunoglobulin  completely explain the differences in total TCA-precipi- 
table radioactivities. The rabbit antiserum to chicken IgG used in this experi- 
ment  was  directed  against  the  L  and  H  chains  of  the  IgG.  Therefore, 
the precipitated radioactivity presumably represents  total immunoglobulin, 
TABLE I 
In Vitro Synthesis of Immunoglobulin by Spleen Cdls from Irradiated (Ire) and 
Hypogammaglobulinemic Bursectomized-lrradialed (Bx-Irr) Chickens 
Group  Animal no.  TCA-precipitable  Immunoglobulin*~  radioactivity* 
Irr 
Bx-Irr 
408,672 
274,289 
428,713 
166,114 
176,984 
139,298 
214,172 
125,732 
309,370 
5,668 
7,952 
4,412 
* Expressed as cpm/ml tissue culture medium. 
Cpm precipitated by the BSA-rabbit anti BSA 
cipitated by the CGG-rabbit anti-CGG  system. 
system subtracted from the cpm pre- 
induding IgM  and possibly other as yet unidentified imrntmoglobulin species 
that have common L chains. In the coprecipitation  system used,  trace mounts 
of '25I-labeled chicken  IgG was  completely precipitated by the  CGG--anti- 
CGG system. Only 3.5 % of the nSI-labeled chicken IgG was precipitated by 
the heterologous BSA-anti BSA system. The latter system brought down the 
same quantity of radioactivity, on the average 6600 cpm per ml medium in all 
cultures regardless of whether the cultured cells originated from irradiated or 
bursectomized-irradiated  chickens. 
Stimulation of the DNA  Synthesis in Spleen Cells  witk  Rabbit Antiserum to 
Chicken IgG.--Table II summarizes the results from 5 experiments  with pairs 
of bursectomized-irradiated  and irradiated control chickens.  The restdts are 
expressed  in terms of ratios between  :I-I-methyl-thymidine incorporation by 
cells in the presence of antiserum to chicken  IgG and by cells in the presence 
of same concentrations of normal rabbit serum (stimulatory index). The maxi- 1252  ANTIBODY  AND  IM-MUNOGLOBULIN  IN  CHICKENS 
mum  sfimulatory indices in  cultures  containing  spleen  cells from  irradiated 
control chickens ranged from 4.54 to 25.76 (mean 10.86). Corresponding indices 
for  cultures  of  cells  from  hypogalnmaglobulinemic bursectomized-irradiated 
chickens ranged from 1.02 to 2.94 (mean 1.76). 
TABLE II 
In Vitro Effect of Rabbit Antiserum to Chicken IgG on Spleen Cells  from Irradiated and 
Itypogammaglobulinemic Bursectomized-Irradiated Chickens 
II  [  III  IV 
Volume serum  I  added (ml) 
Bx-Irr  Irr  Bx-Irr  Irr  Bx-Irr  Irr 
0. 200 
0.100 
0.050 
0.025 
0.0125 
0.00625 
Bx-Irr  Irr 
1.00  5.22 
0.97  4.22 
1.11  2.23 
1.08  1.61 
1.12  1.46 
0.92  1.30 
0.56 
1.97 
1.81 
1.41 
1.84 
1.93 
3.85 
2.14 
6.00 
25.76 
7.72 
4:84 
Bx-Irr  Irr 
0.85  8.78 
0.93  7.14 
1.02  4.46 
0.79  3.63 
2.13 
2.94 
0.67 
1.15 
5.89 
10.00 
8.23 
1.61 
0.59 
1.73 
1.77 
1.39 
0.95 
2.59 
4.00 
4.54 
1.85 
2.52 
* The figures represent ratios between the 3H-methyl-thymidine incorporation in cultures 
with antiserum and cultures with the same volume of normal rabbit serum  (stimulatory 
index). 
I-V represent 5 different experiments. 
TABLE III 
The In  Vitro Response to Phytohemagglutinin (PItA)  of Spleen Cells from  Irradiated and 
ttypogammaglobulinemic Bursectomized-Irradiated Chickens 
Experiment* 
I 
II 
III 
IV 
V 
PHA (cpm)  * 
1201 
3819 
2065 
8047 
4740 
* Same expermaents as in 
Cpm per culture of 3 X 
Bx-Irr 
No PHA (clam) 
123 
78 
113 
91 
183 
PHA (cpm) 
1384 
446O 
1322 
7769 
5588 
Irr 
No PHA (cprn) 
69 
55 
111 
153 
88 
Table II. 
106 spleen ceils. 
Table III demonstrates the response to phytohemagglutinin of the same cells 
as in Table II. Although there was great variation between the different experi- 
ments no difference in response was noted between the cells from the irradiated 
and bursectomized-irradiated animal within one experiment. 
Table IV demonstrated that the stimulatory effect of the antiserum could be 
inhibited by prior absorption with purified IgG. Cultures receiving either nor- GUNNAR  V.  AIM  AND  RAYMOND  D.  A.  PETERSON  1253 
mal rabbit serum containing chicken  IgG or absorbed rabbit antiserum  show 
similar stimulatory indices. In combination with the magnitude of the indices, 
this finding minimizes the possibility that nonprecipitated chicken IgG in the 
absorbed antiserum could be cytotoxic and in itself inhibit the DNA synthesis. 
TABLE IV 
Inhibition  of the Stimulatory Effect of Rabbit Antiserum on Normal  Spleen  Cells In Vitro by 
Absorption  with  Purified  Chicken IgG* 
Volume 
serum added 
ml 
0.100 
0.050 
0.025 
0.0125 
0.00625 
Antiserum 
Nonmlserum 
9.29 
9.09 
14.00 
4.79 
2.08 
Absorbed antiserum 
Norml~mm 
2.11 
1.16 
1.25 
1.34 
1.34 
Absorbed Normal serum 
Normal serum 
2.05 
1.40 
1.69 
1.17 
1.27 
* The  figures represent  ratios  between  the  DNA synthesis  in cultures  with  identical 
volumes of rabbit serum. 
TABLE V 
Attempts  to Passively Sensitize  Spleen  Cdts from a Hypogammaglobulinemic 
Bursectomized-lrradiated  Chicken to  the Action  of Rabbit  Antiserum  to 
Chicken IgG* 
Irr.~ cells incubated with  Bx-Irr cells incubated with 
Volume serum 
added  Hypogamma-  H ypogamma- 
globul[nemic  plasma  Normal plasma  globulinemic  plasma  Normal plasma 
r,g 
0.100 
0.050 
0.025 
0.0125 
0.00625 
8.98 
6.06 
2.23 
3.85 
3.10 
4.91 
6.72 
2.42 
5.24 
2.26 
0.69 
1.05 
1.06 
0.80 
0.70 
1.60 
0.55 
0.49 
1.28 
0.48 
* The figures represent ratios between the rH-methyl-thymidine  incorporation in cultures 
with antiserum  and cultures with the same volume of normal rabbit serum. 
:~ Spleen cells from an irradiated  chicken. 
Incubation  of spleen  cells from bursectomized-irradiated  animals  in hepa- 
rinized normal chicken plasma failed to render them responsive to the antiserum 
(Table V). Incubation, in the same manner, of normal cells in either normal or 
hypog,  mmaglobulinemic  plasma  did  not  alter  their  responsiveness  to  the 
antiserum (Table V). 
Antibody  Formation  to  Brucella  Abortus  Antigen.--Table  VI  demonstrates 1254  ANTIBODY  AND  D,  IMUNOGLOBULIN  IN  CHICKENS 
the serum antibody titers 10 days after primary antigen challenge. The chickens 
were selected at random,  without respect to plasma immunoglobulin levels. 
Only 3/21 bursectomized-irradiated chickens had detectable titers. All of the 
irradiated animals had high agglutinating antibody titers. 
Antibody Formation aS the Cellular Levd.--3 days after the intravenous injec- 
tion of 5  X  10  9 SRBC the irradiated  control chickens contained an average 
TABLE  VI 
The Antibody Titers of 8 Wk Old Chickens 10 Days after the Intraperitoneag Injection of 10  9 
Killed Bruvella Abortus Organisms 
No. responding  Mean 10~10  antibody  Standard  error 
Treatment  "Total no. animals  titer* 
Bx-Irr  3/21  3.21  -- 
Irr  23/23  3.08  0.71 
* Mean of responding animals only. 
TABLE  VII 
Number of Plaque Forming Cells (PFC) Per 10  6 Spleen Cells 3 Days after One Intravenous 
I, rection  of 5 X  10  9 SRBC into 8 Wk Old Chickens 
Group 
Bx-Irr 
Irr 
Animals 
6 
7 
8 
9 
10 
No. "direct" PFC 
36 
134 
100 
193 
110 
No. "indirect" PFC 
287 
392 
535 
820 
490 
(arithmetic mean) of 115 PFC/10  s spleen cells using the "direct" LHG tech- 
nique and 505 PFC/106 spleen  cells with the "indirect" LHG technique. No 
PFC were noted in the bursectomized-irradiated chickens  (Table VII). A total 
of 80 X  106 spleen cells were examined from each spleen,  half with the direct 
and half with the indirect technique. 
DISCUSSION 
The present investigation further defines the immunological  deficiency pro- 
duced by surgical bursectomy and X-irradiation in the newly hatched chickens. 
Previous findings  (7, 8) are confirmed in that this procedure causes a high GUNNAR  V.  ALM  AND  RAYMOND  D.  A.  PETERSON"  1255 
incidence of hypogammaglobullnemia  affecting both IgM and IgG; to date the 
only dearly identified immunoglobulins of the chicken. 
Our  in  vitro  studies  of  spleen  cells  from  hypogammaglobulinemic bur- 
sectomized-irradiated chickens  revealed  that  little  or  no  immunoglobulin 
was synthesized. This in vitro observation provides quantitative evidence of a 
synthetic deficiency and  excludes  an  increased  v-globulin  catabolism  as  a 
principle cause of the hypogammaglobulinemia. 
In the present experiment, rabbit antiserum to chicken IgG stimulated the 
~H-methyl-thymidine incorporation in cultures of spleen ceils from irradiated 
control chickens. Spleen ceils  from hypogammaglobulinemic bursectomized- 
irradiated animals showed little or no response to the antiserum and could not 
be rendered responsive by prior incubation in normal, immunoglobulin con- 
taining chicken plasma. Stimulation of the DNA synthesis in rabbit lympho- 
cyte cultures can be induced by xenogeneic antisera to rabbit IgG (11, 20) or 
its  subunits  (21).  Our  failure  to  render spleen  cells  from  bursectomized- 
irradiated chickens responsive  by preincubation in  normal chicken plasma 
support the results of Sell and Gell (11, 22) that the cells responding to anti- 
immunoglobulln serum are the actual producers of the immunoglobulin and not 
mere carriers of passively absorbed irnmunoglobulln  molecules.  Sell and Gell 
(11) found that anti-immunoglobulin serum needed to be in contact with rabbit 
peripheral lymphocytes for as short a time as 15 rain to stimulate these cells. 
The low percentage of actively immunoglobulin secreting cells in the peripheral 
blood (20) could hardly elaborate enough immunoglobulin in such a short time 
to passively sensitize  lymphocytes with either immunoglobulin or immuno- 
globulin-anti-immunoglobulin  complexes.  Cotton  column  purified  normal 
peripheral chicken lymphocytes that contain no plasma cells also react to anti- 
immunoglobulin serumL 
Although direct proof is lacking, there is much to indicate that the small 
lymphocyte is the cell responding with increased DNA synthesis and blast 
transformation when exposed to anti-immunoglobulin (11). The population of 
smaU lymphocytes  is also thought to contain the ceils responding to the mitogen 
phytohemagglutlnln (PHA)  (24). 
The failure of the spleen ceils from the bursectomized-irradiated  hypogamma- 
globullnemic chickens to respond to anti-immunoglobulin serum indicates that 
the potential responding ceils are either absent or not expressing their immuno- 
globulin synthesizing capacity. Although the response to PHA of such cells was 
normal, our results do not allow any conclusions as to the possible identity of 
PHA  responsive  and  anti-immunoglobulin responsive  cells.  However it  is 
apparent that the ability to synthesize and contain immunoglobulin antigenic 
determinants is not a prerequisite for the response of lymphocytes  to PHA. 
The  finding  that  only  3/21  bursectomized-irradiated animals  produced 
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detectable antibody to Brucella abortus antigen is in agreement with previous 
results  (8). It  should  be  noted  that  the  bursectomized-irradiated chickens 
included in this experiment were randomly selected and therefore the majority 
of them displayed significant levels of immunoglobulin  in the immunoelectro- 
phoretic analysis. 
The results from the determinations of the number of PFC in the primary 
response to 5 X  109 SRBC demonstrates the extent of the immune deficiency 
of the bursectomized-irradiated  chickens. All irradiated controls showed large 
numbers of PFC determined by the direct and indirect LHG-techniques which 
detect  IgM  antibodies  of high  hemolytic efficiency respectively  IgM  and, 
primarily, IgG antibodies of low hemolytic efficiency. It is noteworthy that the 
indirect technique demonstrated on the average 4.4  X  as many PFC as the 
direct technique,  indicating an unusually large  number of, presumably, IgG 
antibody producing  cells in the primary immune response of the chicken. In 
none  of  the  five  SRBC-injected  hypogamruaglobulinemic  bursectomized- 
irradiated chickens could any PFC cells be detected. We examined a total of 
80 X  l0  s spleen cells, approximately 1/~  0 of the total spleen cell number, with 
both the direct and indirect techniques.  Assuming  a  doubling time for the 
chicken IgM hemolysin producing  cell of at the most 9 hr, as has been shown 
for the corresponding mouse cell (23), and an exponential increase of the num- 
ber of chicken spleen PFC in the primary immune response to SRBC, we should 
have been able to detect the progeny of one precursor cell for either the IgM or 
IgG antibody producing cells. It is therefore possible that the precursors for the 
antibody forming cells  are  absent  in  the  hypogammaglobulinemic  bursec- 
tomized-irradiated chicken.  An alternative explanation is  that the immune 
deficiency is due to a block in the inductive or early proliferative phase of the 
immune response. This could be caused, for example, by a functional deficiency 
of the macrophage processing of SRBC antigen (25, 26) or in the failure of the 
two or possibly three cell types involved  in the immune response  (27-32)  to 
interact properly. Studies are presently in progress to evaluate these possibili- 
ties. 
SUMMARY 
The effect of bursectomy combined with sublethal X-irradiation in the newly 
hatched chicken on the immunoglobulin  and antibody producing capacity in 
later life was investigated. The previous  findings of a significant incidence of 
hypogammaglobulinemia in such  animals were  confirmed.  Spleen  cells from 
severely hypogammaglobulinemic  animals synthesized and secreted little or no 
immunoglobulin.  Such spleen lymphoid cells contained fewer immunoglobulin 
antigenic determinants than spleen  cells from irradiated control animals as 
evidenced by their relative inability to respond by an increased DNA synthesis 
after in vitro culture with rabbit antiserum to chicken immunoglobulin. There- GUNNAR  V. AL~  AND  RAY~OND  D. A. PETERSON  1257 
fore, the deficiency in the immunoglobulin synthesis extends not only to actively 
secreting cells such as plasma cells, but to the entire lymphoid cell population. 
As expected, most irradiated-bursectomized chickens, irrespective of plasma 
immunoglobulln levels failed to produce detectable amount of circulating anti- 
bodies to Brucella abortus  antigen in the primary immune response. Severely 
hypogammaglobulinemic animals  were  completely unable  to  elaborate  any 
plaque forming cells (PFC)  in the primary response to sheep red blood cells 
(SRBC). The results of this investigation support  the  contention  that  in  the 
severely hypogammaglobulinemic bursectomized-irradiated chicken the entire 
antibody producing  and  immunoglobulin  producing  cell  line  is  absent.  The 
possibility remains that precursor or stem cells are present but are not appro- 
priately directed to antibody synthesis by other cell types. 
The authors wish to acknowledge  the excellent technical assistance of Mrs. Clara Maynie. 
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